Aim: To identify the appropriate visceral adipose tissue (VAT) cutoff values for the diagnosis of abdominal obesity in predicting diabetes and the corresponding waist circumference in the Chinese population. Methods: At baseline, 381 volunteers aged 35-75 years were enrolled without diabetes from the Shanghai urban area. Anthropometry and VAT area determined by magnetic resonance imaging were measured. During the average 7.8 years of follow-up, glucose tolerance was monitored. Receiver operating characteristic (ROC) curve analysis was used to define the optimal cutoff points for abdominal obesity. Results: At the end of the study, 290 participants were followed up, in which 63 participants developed diabetes. Using ROC curve analyses in participants with normal glucose regulation, the appropriate VAT cutoff was 90 cm 2 for both genders to predict diabetes development. In logistic regression models, the relative risks (95% confidence intervals) of VAT value over 90 cm 2 were 3.35 (1.10-10.18, P ¼ 0.033) in men and 4.57 (1.73-12.07, P ¼ 0.002) in women after adjusted for age, impaired glucose regulation, hypertension and dyslipidemia. The optimal waist circumference cutoffs were 88 cm for men and 82 cm for women to indicate VAT value over 90 cm 2 in ROC analyses. Conclusion: VAT cutoff of 90 cm 2 is useful for defining visceral obesity in Chinese individuals. The appropriate waist circumference cutoffs for abdominal obesity are 88 cm for men and 82 cm for women in the Chinese population.
Introduction
The prevalence of obesity is rising rapidly in China. 1, 2 Obesity, especially abdominal obesity, is closely associated with diabetes and cardiovascular diseases. [3] [4] [5] [6] Theoretically, visceral adipose tissue (VAT) should be precisely measured by magnetic resonance imaging (MRI) or computerized tomography (CT) scanning to determine abdominal obesity. This is suggested by the International Diabetes Federation (IDF). 7 However, the measurement of VAT by MRI or CT scan is inconvenient and costly, and this is especially a concern in clinical and epidemiological studies. Waist circumference has an excellent correlation with VAT (r ¼ 0.73-0.78), 5, 8 and has been widely used as a simple indicator of abdominal obesity in clinical practice. Increased waist circumference is an important parameter for defining abdominal obesity in diagnosis of the metabolic syndrome (MetS), and the cutoffs vary among different ethnic groups. 9, 10 Recently, several cross-sectional studies have derived the optimal cutoffs of VAT and waist circumference to define abdominal obesity in identifying the MetS in different Asian populations. [11] [12] [13] [14] And the cutoffs were different in the sexes. Our previous study investigated the appropriate cutoffs for waist circumference that are used to identify two or more components of the MetS without anthropometric indices of overweight/obesity. And the cutoffs of waist circumference were 87.5 cm for men and 84.3 cm for women in the Chinese population, which corresponds to 80 cm 2 of VAT in both men and women. 12 However, there are no prospective studies conducted to derive VAT cutoffs and the corresponding waist circumference cutoffs for defining central obesity in predicting diabetes, the MetS or cardiovascular diseases so far. We therefore carried out an analysis of the effect of VAT measured by MRI on predicting diabetes in a follow-up study in the Chinese population from the Shanghai urban area, and determined the appropriate cutoffs of VAT and the corresponding values of waist circumference for identifying abdominal obesity.
Methods

Participants
At baseline, 381 volunteers without diabetes were enrolled. All the participants were aged 35-75 years, and had lived in the urban area of Shanghai for at least 10 years. Participants with the following conditions were excluded: (i) cirrhosis with ascites; (ii) known hyperthyroidism or hypothyroidism; (iii) presence of cancer; (iv) current treatment with systemic corticosteroids; (v) pregnant or lactating women. The study was approved by the Ethics Committee of Shanghai Jiao Tong University affiliated Sixth People's Hospital, and signed informed consents were obtained from the participants. During the follow-up period, 91 participants dropped out because of death (n ¼ 8), loss of contact (n ¼ 43) or withdrawal from the study (n ¼ 40). At the end of the study, 290 participants were followed up, of which 104 participants were from the outpatient department during 1994-1997 (first group), and 186 participants from the research on the relationship between body fat distribution and metabolism of glucose and lipid from 1998 to 2001 (second group). 12 The participants in the first group were followed up at 3, 8 and 12 years, and those in the second group at 5 and 9 years after the initial evaluation.
Data collection
All the evaluations were performed at the Shanghai Clinical Center for Diabetes. Demographic data and medical history were updated. Standardized health questionnaires were completed by physicians containing the participants' past medical history, current and previous medications. After an overnight fast for 10-12 h, blood samples were taken to test plasma glucose levels and lipid profile. Individuals without validated history of diabetes underwent a 75-g oral glucose tolerance test. Body mass index (BMI) was calculated by weight (kg) divided by height squared (m 2 ). Waist circumference was measured at the midpoint between the inferior costal margin and the superior border of the iliac crest on the midaxillary line. Blood pressure was acquired twice, and the mean of the two readings was used for data analyses.
Single MRI scan was obtained at the abdominal level between L4 and L5 vertebrae using a whole body imaging system (SMT-100, Shimadzu co., Tokyo, Japan). Spin-echo sequences, 500/20 (TR/TE), with a matrix size of 256 Â 256 were performed. Scan time was B180 s. Analyses of the images were carried out on a workstation provided by the manufacturer. An experienced radiologist, who was blinded with regard to the participants' condition, measured VAT by using a semiautomatic segmentation method. According to the signal intensity of adipose tissue, VAT outline was manually traced with a graphic user interface. The area inside the outline was automatically labeled and calculated. 12 Plasma glucose concentration was assayed using glucose oxidase method. Fasting serum triglycerides and high-density lipoprotein cholesterol were measured by enzymatic procedures using an autoanalyzer (Hitachi 7600-020, Hitachi Ltd., Tokyo, Japan).
According to the World Health Organization definition of the MetS, 15 -test was performed for categorical variables. The receiver operating characteristic (ROC) curve analysis was carried out to determine the appropriate cutoffs of VAT to identify diabetes development, and the optimal cutoffs of waist circumference and BMI to identify the participants with more visceral fat accumulation. The optimal cutoffs were obtained from the highest Youden index (sensitivity þ specificity-1) and the best combination of sensitivity and specificity. Linear regression model was used to evaluate the relationship of VAT with waist circumference or BMI. Relative risks and 95% confidence intervals were calculated by binary logistic regression analyses. The follow-up time was also included in the models as a covariate, which was divided into four intervals (0-3 years, 3-6 years, 6-9 years and 9-12 years). A two-tailed P-value o0.05 was considered statistically significant. For 
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Results
In the mean follow-up time of 7.8 years, complete information was collected from 290 participants, of which 114 participants were men and 176 participants were women. Sixty-three participants developed diabetes, of which 31 had IGR and 32 had normal glucose regulation at baseline. Table 1 presented the baseline characteristics of the study participants who were grouped by diabetes development at the end of follow-up. The participants who developed diabetes had higher BMI, waist circumference, VAT, 2 h PG, systolic blood pressure and diastolic blood pressure than those who did not develop diabetes (Po0.01 for all) in both genders. There were no significant differences in triglycerides and high-density lipoprotein cholesterol between the two groups. In women, age was significantly higher in the diabetic group than in non-diabetic group (Po0.05).
In individuals with normal glucose regulation, the optimal cutoffs of VAT were derived from ROC curves in identifying diabetes progression. VAT value around 90 cm 2 had the largest Youden index in both genders. The sensitivity and specificity were 83 and 72% in men, and 85 and 72% in women, respectively. Logistic regression analyses showed that the participants with VAT over 90 cm 2 had increased diabetes risk after adjustment for age, IGR, hypertension and dyslipidemia. The relative risks (95% confidence interval) were 3.35 (1.10-10.18) in men and 4.57 (1.73-12.07) in women. In addition, IGR significantly increased the risk of diabetes in both genders, whereas hypertension was associated with diabetes progression only in men (Table 2) . Receiver operating characteristic analysis was also used to indicate the optimal cutoffs of waist circumference and BMI to identify the individuals with VAT over 90 cm 2 . The optimal cutoffs of waist circumference were 88 cm for men and 82 cm for women, and those of BMI were 25.0 kg m -2 for both genders (Table 3) . Simple linear regression showed that Table 1 Baseline characteristics of the study participants grouped by whether diabetes developed at the end of follow-up The follow-up period was also adjusted in this regression. b Visceral obesity was defined as visceral adipose tissue X90 cm 2 . 
Discussion
It is recognized that the most prevalent form of clustering of metabolic abnormalities was found in patients with abdominal obesity, especially with an excess of VAT. Studies carried out in different ethnicities showed that VAT, but not SAT, was strongly associated with the development of diabetes 16, 17 and coronary heart disease. 18 Increased VAT was associated with impaired glucose tolerance 19 or insulin resistance. 20 The threshold values of VAT for the metabolic disorders differed among different ethnicities. [11] [12] [13] [14] 21 In several cross-sectional studies, the appropriate VAT cutoffs were 90-130 cm 2 for men and 70-100 cm 2 for women in diagnosis of the MetS in the Asian populations. In this study, 90 cm 2 was validated to be the optimal cutoff of VAT to define visceral obesity for both genders in a follow-up study for the first time, and VAT values over 90 cm 2 increased the risk of diabetes for 2.4-3.6 folds. In addition, this is the first follow-up study that was conducted in the Chinese population to illuminate the relationship of VAT and diabetes. Waist circumference well correlated with VAT, and has been accepted as an efficient and simple index of abdominal obesity instead of VAT in clinical practice. In the IDF definition of the MetS, 7 waist circumference cutoffs are defined as gender and ethnicity specific. The Asian-specific waist circumference cutoffs are 90 cm for men and 80 cm for women; however, the values are 85 cm for men and 90 cm for women in Japanese. This is the only ethnic group, in which the cutoff is higher in women than in men, and its validity seems to be controversial. In 2008, Oka et al., 14 published new cutoffs of waist circumference for the diagnosis of abdominal obesity in a Japanese population including 1893 participants. The best cutoffs of waist circumference were 89.8 cm in men and 82.3 cm in women for discriminating the MetS, according to the criteria of the Japanese Society of Internal Medicine. In Japanese Americans, the appropriate waist circumference cutoffs were from 80 to 90 cm for women and from 87 to 90 cm for men in different age groups.
11
In Korea, Han et al., 13 reported the appropriate VAT cutoffs in identifying two or more components of the MetS without anthropometric indices. And the corresponding waist circumference values were 88.1 cm in men and 84.0 cm in women. Recently, the data from the Taiwan Chinese showed that the cutoff values of waist circumference in predicting cardiovascular risk factors, including diabetes, hypertension, dyslipidemia or the MetS, were 86.2-88 cm in men and 82-84 cm in women. 22 In our previous cross-sectional study, the optimal waist circumference values were 87.5 cm for men and 84.3 cm for women to define abdominal obesity for Chinese in Shanghai. 12 In this study, the waist circumference cutoffs were evaluated in a follow-up study for the first time for their relationship to diabetes. The waist circumference values were identified at 88 cm in men and 82 cm in women for the diagnosis of abdominal obesity, which were consistent with that had been reported in our previous study. 12 They were also approved by the results of the studies conducted in Taiwan Chinese and in other Asian populations. Furthermore, our previous epidemiological survey in the Shanghai community population showed that waist circumference was larger in men than in women, and the difference of waist circumference was about 2-5 cm between men and women. 23 However, in the IDF definition of the MetS, the difference of waist circumference is 10 cm between men and women in Chinese. This study suggested that waist circumference cutoff by the IDF definition may need correction for Chinese women. The weakness of this study is that the study population is relatively small; however, the study has sufficient power to validate the effect of abdominal obesity on the development of diabetes. Another limitation is that we used a single MRI scan between the L4-L5 level to estimate the visceral fat volume. This measurement has been reported to have a high correlation with directly ascertained total visceral fat volume (R 2 ¼ 0.87, Po0.001). 24 Nutrition and lifestyle were not considered in this research, which were supposed to be different between the residents in the urban area and in the rural area. So our study only focused on the participants that had lived in the urban area of Shanghai for at least 10 years.
In conclusion, the risk of diabetes significantly increased in the participants with a VAT over 90 cm 2 . As a simple measurement of abdominal obesity, the appropriate waist circumference cutoffs might be 88 cm in men and 82 cm in women for the Chinese population.
